Noise reduction for model counterrotation propeller at cruise by reducing aft-propeller diameter by Stang, David B. & Dittmar, James H.
./ > 
NASA Technical Memorandum 88936 
Y 
Noise Reduction for Model Counterrotation 
Propeller at Cruise by Reducing 
Aft-Propeller Diameter 
(NASA-TW-88936) LCISE R E C C C T I C L  ECR ElODEL 
C O D N I E R B C I A I I C H  E E C F E L L E R  AT CZUXISE BY 
B E D U C X N G  AFT-FSC€ELLEP L I A f ! E ! l E &  (ABSA) 3 1  p 
CSCL 20A 
N8 7- 1 S G 57 
Unclas 
G3/71 43835 
James H.  Dittmar 
Lewis Research Center 
Cleveland, Ohio 
and 
David B. Stang 
Sverdrup Technology, Inc. 
Lewis Research Center 
Cleveland, Ohio 
* Prepared for the 
113th Meeting of the Acoustical Society of America 
Indianapolis, Indiana, May 1 1 - 15, 1987 
b 
https://ntrs.nasa.gov/search.jsp?R=19870009624 2020-03-20T11:30:32+00:00Z
NOISE REDUCTLON FOR HDDEL COUNILRROTATLON PROPELLER AT CRUISE 
BY REDUCING AF1-PROPELLER D I A M E l E R  
James H. D i t t m a r  
N a t i o n a l  Aeronaut ics and Space A d m i n i s t r a t i o n  
Lewis Research Center 
Cleveland, Ohio 44135 
and 
David B. Stang 
Sverdrup Technology, I n c .  
Lewl s Research Center 
Cleveland, Ohio 44135 
SUMMAKY 
The forward p r o p e l l e r  o f  a model c o u n t e r r o t a t i o n  p r o p e l l e r  was t e s t e d  w i t h  
i t s  o r i g i n a l  a f t  p r o p e l l e r  and w i t h  a reduced-diameter a f t  p r o p e l l e r .  Noise 
r e d u c t i o n s  w i t h  t h e  reduced-diameter a f t  p r o p e l l e r  were measured a t  s imu la ted  
c r u i s e  c o n d i t i o n s .  Reduct ions were a s  l a r g e  as 7 . 5  dB f o r  t h e  a f t - p r o p e l l e r  
b l a d e  pass ing  tone  and 15 dB i n  t h e  harmonics a t  s p e c i f i c  angles.  The i n t e r -  
a c t i o n  tones, m o s t l y  t h e  f i r s t  i n t e r a c t i o n  tone, were reduced, p robab ly  because 
t h e  reduced-diameter a f t  p r o p e l l e r  blades no l onger  i n t e r a c t e d  w i t h  t h e  
f o r w a r d - p r o p e l l e r  t i p  v o r t e x .  The t o t a l  n o i s e  (sum o f  p r imary  and i n t e r a c t i o n  a3 
h n o i s e )  a t  each harmonic was s i g n i f i c a n t l y  reduced. The c h i e f  n o i s e  r e d u c t i o n  
r - J  a t  each harmonic came f rom reduced a f t - p r o p e l l e r - a l o n e  noise,  w i t h  t h e  i n t e r -  
w a c t i o n  tones c o n t r i b u t i n g  l i t t l e  t o  t h e  t o t a l s  a t  c r u i s e .  T o t a l  c r u i s e  n o i s e  
r-J 
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r e d u c t i o n s  were as much as 3 dB a t  g i ven  angles f o r  t he  b lade  pass ing tone and 
10 dB f o r  some o f  t h e  harmonics. These r e d u c t i o n s  would measurably improve t h e  
f u s e l a g e  i n t e r i o r  n o i s e  l e v e l s  and represent  a d e f i n i t e  c r u i s e  n o i s e  b e n e f i t  
f r o m  a reduced-diameter a f t - p r o p e l l e r .  
I N T R O D U C l  I O N  
Advanced turboprop a i r c r a f t  have t h e  p o t e n t i a l  f o r  s i g n i f i c a n t  f u e l  sav- 
i n g s  over  equ iva len t - techno logy  turbofan-powered a i r c r a f t .  To i n v e s t i g a t e  t h i s  
p o t e n t i a l  t h e  N a t i o n a l  Aeronaut ics  and Space A d m i n i s t r a t i o n  has an ongoing 
Advanced Turboprop Program ( r e f .  1 ) .  A s i n g l e - r o t a t i o n  tu rboprop  des ign  i s  
p r o j e c t e d  t o  use 15 t o  30 pe rcen t  l ess  f u e l  t han  tu rbo fans ,  and a coun te r -  
r o t a t i o n  des ign  may save 8 pe rcen t  more ( r e f .  2 ) .  
To implement these f u e l  savings, t h e  new turboprop a i r c r a f t  must be 
accep tab le  t o  t h e  f l y i n g  p u b l i c .  
p r o p e l l e r s  i s  o f  concern s i n c e  i t  may p resen t  a cab in  environment problem f o r  
t h e  a i r p l a n e  a t  c r u i s e .  The c r u i s e  n o i s e  o f  a number o f  s i n g l e - r o t a t i o n  p r o -  
p e l l e r  models has p r e v i o u s l y  been measured i n  the  NASA Lewis 8- by 6-Foot Wind 
Tunnel ( r e f s .  3 t o  7 ) .  Noise measurements a r e  p r e s e n t l y  b e i n g  conducted on a 
c o u n t e r r o t a t i o n  p r o p e l l e r  f o r  a pusher a i r p l a n e  ( f i g .  1 ) .  A g e n e r a l i z e d  n o i s e  
s p e c t r a  f o r  a c o u n t e r r o t a t i o n  p r o p e l l e r  i s  shown i n  f i g u r e  2 ( f r o m  r e f .  8 ) .  A 
tone i s  generated a t  t h e  b lade passing frequency o f  each p r o p e l l e r ,  and h a r -  
monics occur a t  m u l t i p l e s  o f  these fundamental f requencies (2BPF1, 2BPF2, 
e t c . ) .  Tone n o i s e  i s  a l s o  generated a t  t h e  va r ious  summations o f  t h e  two b lade  
The n o i s e  f rom these advanced high--speed 
passing f requencles (BPL1 t BPF2, 2BPF1 + BPF2, 2BPL2 t B P F l ,  e t c . ) .  
cummation tones a re  generated by t h e  i n t e r a c t i o n s  o f  t h e  two p r o p e l l e r s ,  
i n c l u d i n g  p o t e n t i a l  f i e l d  and v iscous f l o w  f i e l d  i n t e r a c t i o n s .  O f  t h e  two 
i n t e r a c t i o n s  t h e  v iscous f l o w  f i e l d  i n t e r a c t i o n s  a r e  thought  t o  dominate. 
T r a i l i n g  behind the  fo rward  p r o p e l l e r  a r e  wakes and v o r t i c e s  ( f i g .  3)  t h a t  
s t r i k e  t h e  a f t - p r o p e l l e r  b lades and c r e a t e  l l f t  f l u c t u a t i o n s  on these blades, 
which i n  t u r n  generate n o i s e .  
These 
To i n v e s t i g a t e  these i n t e r a c t i o n  n o i s e  mechanisms, a fo rward  p r o p e l l e r  was 
t e s t e d  w i t h  two d i f f e r e n t  a f t  p r o p e l l e r s .  The f i r s t  a f t  p r o p e l l e r  was t h e  one 
o r i g i n a l l y  designed t o  ope ra te  w i t h  t h e  fo rward  p r o p e l l e r  and had approx ima te l y  
t h e  same t i p  diameter.  
d iameter  so as t o  m i s s  t h e  f o r w a r d - p r o p e l l e r  t i p  v o r t e x  and thus reduce t h e  
community n o i s e .  The i n t e r a c t i o n  tones a t  t a k e o f f  a r e  thought  t o  dominate over  
t h e  p r imary  b lade pass ing  tones so t h a t  r e d u c t i o n s  i n  these i n t e r a c t i o n  tones 
d i r e c t l y  reduce the  t o t a l  n o i s e  ( r e f .  8 ) .  
The second a f t  p r o p e l l e r  was designed w i t h  a reduced 
The fundamental b lade  pass ing tones and t h e i r  harmonics (BPF1, BPF2, 
28Pf1, e t c . )  a r e  g r e a t e r  a t  c r u i s e  than a t  t a k e o f f  and a r e  thought  t o  be 
l a r g e r  than t h e  i n l e r a c t i o n  tones a t  c r u i s e .  A l though r e d u c t i o n s  i n  t h e  i n t e r -  
a c t i o n  n o i s e  a r e  expected a t  c r u i s e  w i t h  t h e  reduced-diameter a f t  p r o p e l l e r ,  
r e d u c t i o n s  i n  the  s t r o n g e r  a f t - p r o p e l l e r  b lade  pass ing  tones should a l s o  r e s u l t  
f r o m  t h e  sma l le r  d iameter  because o f  reduced t i p  speed. Th is  r e p o r t  p resen ts  
t h e  c r u i s e  n o i s e  r e d u c t i o n s  observed w i t h  t h e  reduced-diameter a f t  p r o p e l l e r .  
APPARATUS AND PROCEDURE 
P r o p e l l e r s  
A 62.2-cm (24 .5 - in . )  d iameter fo rward  p r o p e l l e r  was t e s t e d  w i t h  two a f t  
p r o p e l l e r s :  t h e  s tandard a f t  p r o p e l l e r ,  60.7 cm (23.9 i n . )  i n  d iameter ;  and a 
reduced-diameter a f t  p r o p e l l e r ,  53.1 cm (20.9 i n . )  i n  d iameter .  The fo rward  
p r o p e l l e r  was designated F l ;  t h e  s tandard a f t  p r o p e l l e r ,  A l ;  and t h e  reduced-- 
d iameter  a f t  D r o p e l l e r ,  A3. Table I l i s t s  t h e  genera l  c h a r a c t e r i s t i c s  o f  these 
t h r e e  b lades .  A s  shown i n  f i g u r e  4, t h e  A3 a f t  b lade,  besldes be ing  s h o r t e r ,  
was designed w l t h  a l onger  chord t o  recove r  t h e  t h r u s t  l o s t  by t h e  s h o r t e r  span 
w h i l e  t u r n i n g  a t  t h e  same r o t a t i o n a l  speed ( rpm) .  
forward-  t o  a f t - p r o p e l l e r  s p l i t  l i n e s  was 10.6 cm (4 -3 /16  i n . )  f o r  b o t h  
c o n f i g u r a t i o n s .  
The d i s t a n c e  f rom t h e  
These c o u n t e r r o t a t i o n  p r o p e l l e r s  were t e s t e d  w i t h  n i n e  blades i n  t h e  f r o n t  
p r o p e l l e r  and e l g h t  blades I n  t h e  a f t  p r o p e l l e r .  
b lade  s e t t i n g  angle was t h e  same when t e s t e d  w i t h  b o t h  a f t  r o t o r s  ( 5 7 . 2 '  meas- 
ured a t  t h e  3 / 4 - r a d i u s  l o c a t i o n ) .  The s tandard a f t  p r o p e l l e r  ( A l )  was s e t  a t  
54.3". and t h e  reduced-diameter a f t  p r o p e l l e r  (A3) was s e t  a t  58.0". The a f t  
b lade  angles chosen were those p r e d i c t e d  t o  g i v e  equal  forward-  and a f t -  
p r o p e l l e r  torques.  
The f o r w a r d - p r o p e l l e r  ( F l )  
Acoust ic  Measurements 
The n o i s e  o f  these two p r o p e l l e r  c o n f i g u r a t i o n s  was measured i n  t h e  NASA 
Lewis 8- by 6-Foot Wind Tunnel by u s i n g  p ressu re  t ransducers  embedded i n  a 
p l a t e  suspended f rom t h e  t u n n e l  c e i l i n g  ( f i g .  5 ) .  The p l a t e  cou ld  t r a n s l a t e  
up and down from t h e  tunne l  c e i l i n g  and f o r e  and a f t  i n  t h e  wind t u n n e l .  For 
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these exper iments t h e  p l a t e  was loca ted  0.3 f o r w a r d - p r o p e l l e r  d iameter ,  o r  
18.7 cm (7.35 i n . ) ,  above t h e  f o r w a r d - p r o p e l l e r  t i p s .  The p l a t e  con ta ined  17 
f lush-mounted t ransducers ( f i g .  6 ) .  A t  t h i s  p l a t e  p o s i t i o n  11 t ransducers  were 
a c t i v e  ( 1 ,  2, 4, 6, 8, 9, 10, 12, 14, 16, and 17 o f  f i g .  6 ) .  and t h e  p l a t e  was 
p o s i t i o n e d  f o r e  and a f t  i n  t h e  tunnel  so t h a t  t ransducer  9 was d i r e c t l y  above a 
p o i n t  ha l fway between t h e  two p r o p e l l e r s .  A t  t h i s  p l a t e  p o s i t i o n  t h e  t r a n s -  
ducer angles measured f rom t h e  p r o p e l l e r  a x i s  ( t a b l e  11) v a r i e d  f rom 47"  f o r  
t ransducer  1 t o  133O f o r  t ransducer  17. The n o i s e  d a t a  were reduced on a 
narrow-band ana lyze r  t o  y i e l d  0- t o  5000-Hz s p e c t r a  w i t h  a 16-Hz bandwidth.  
The 16-Hz bandwidth was chosen so t h a t  t h e  i n d i v i d u a l  tones c o u l d  be c l e a r l y  
separated. Th is  a l l owed  tones o u t  through t h e  f o u r t h  harmonic t o  be measured 
( a s  i n  f i g .  2 ) .  
The measured t h r u s t  l e v e l s  f o r  comparable F1-A1 and F l - A 3  p r o p e l l e r  con- 
d i t i o n s  d i f f e r e d  by no more than 10 pe rcen t  and were w i t h i n  5 p e r c e n t  a t  t h e  
Mach 0.72, 100-percent-speed des ign c o n d i t i o n .  Because t h e  t h r u s t  l e v e l s  were 
so c lose ,  no c o r r e c t i o n s  were made t o  t h e  a c o u s t i c  d a t a  f o r  t h r u s t  d i f f e r e n c e s .  
Operat ing Cond i t i ons  
Noise da ta  were taken w i t h  t h e  p r o p e l l e r  o p e r a t i n g  a t  t h r e e  tunne l  a x i a l  
Mach numbers: 0.76, 0.72, and 0.67. The p r o p e l l e r  was operated a t  100 pe rcen t  
o f  des ign  c o r r e c t e d  r o t a t i o n a l  speed a t  Mach 0.76 and 0.72. I n  a d d i t i o n ,  da ta  
were taken a t  95- and 90-percent speed a t  Mach 0.76 and 0.72. A t  Mach 0.67 
d a t a  were taken o n l y  a t  95- and 90-percent speed because l i m i t e d  d r i v e  power 
prevented t h e  apparatus f rom reaching 100-percent speed. 
The p r o p e l l e r  o p e r a t i n g  condi t ' ions f o r  these cases a r e  summarized i n  
t a b l e  111. Because t h e  da ta  f o r  F1-A1 and F1-A3 were taken on two separate 
days and w i t h  d i f f e r e n t  a i r  temperatures, d i f f e r e n t  p r o p e l l e r  r o t a t i o n a l  speeds 
were r e q u i r e d  t o  reach a s p e c i f i c  co r rec ted  speed. 
RESULlS  AND DISCUSSION 
The tone n o i s e  da ta  f o r  t h e  F1-A1 and Fl-A3 p r o p e l l e r  combinat ions a r e  
presented through t h e  f o u r t h  harmonic i n  t a b l e s  I V  and V,  r e s p e c t i v e l y .  The 
d a t a  a r e  as measured on t h e  t r a n s l a t i n g  p l a t e ,  rounded t o  t h e  neares t  o n e - h a l f  
d e c i b e l .  The harmonqcs a r e  l i s t e d  'in o rde r  o f  i n c r e a s i n g  frequency w i t h  t h e  
a f t - p r o p e l l e r  harmonics l i s t e d  f i r s t  s i n c e  t h e  a f t  p r o p e l l e r  had fewer b lades 
and t h e r e f o r e  a lower b lade passing frequency, as shown by t h e  sample spectrum 
i n  f i g u r e  7 .  
Fundamental Blade Passing Tones and Harmonics 
Comparison of f o rward -p rope l l e r  tones. - I n  genera l  t h e  n o i s e  produced by 
t h e  fo rward  p r o p e l l e r  d i d  n o t  change s i g n i f i c a n t l y  when i t  was t e s t e d  w i t h  t h e  
reduced-diameter a f t  p r o p e l l e r  ( f i g .  8 ) .  The smal l  d i f f e r e n c e s  shown he re  a r e  
t y p i c a l  of t h e  o t h e r  t e s t e d  c o n d l t i o n s .  These smal l  d i f f e r e n c e s  may be caused 
by t h e  forward p r o p e l l e r  a c t i n g  d i f f e r e n t l y  w i t h  t h e  reduced-diameter a f t  p r o -  
p e l l e r  o r  may i n d i c a t e  s c a t t e r  i n  the data.  
Only smal l  d i f f e r e n c e s  were observed i n  t h e  harmonic da ta  ( f i g .  9 ) .  
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Comparison o f  a f t - p r o p e l l e r  tones. - l h e  b lade  pass ing tones d i f f e r e d  
s i g n i f i c a n t l y  f o r  t h e  two a f t  p r o p e l l e r s  t e s t e d  (A1 and A3), as shown i n  
f i g u r e  10. The maximum d i f f e r e n c e  o f  8.5 dB occu r red  a t  t ransducer  9 a t  Mach 
0.76 and 90-percent speed ( f i g .  1 0 ( b ) ) .  Th i s  d i f f e r e n c e  does n o t  i n d i c a t e  a 
s i g n i f i c a n t  t rend  w i t h  reduced speed s i n c e  a 7.5--dB r e d u c t i o n  was observed a t  
t h e  same l o c a t i o n  a t  Mach 0.76 and 100-pe rcen t  speed ( f i g .  l O ( a ) ) .  The des ign  
c o n d i t i o n ,  Mach 0.72 and 100-pe rcen t  speed, seemed t o  show u n c h a r a c t e r i s t i c a l l y  
smal l  d i f f e r e n c e s  ( f i g .  l O ( c ) ) ;  t h e r e f o r e  da ta  were a l s o  i n c l u d e d  a t  Mach 0.72 
and 95-percent  speed ( f i g .  1 0 ( d ) ) .  
The reduc t i ons  i n  t h e  a f t - p r o p e l l e r  tones were t h e  r e s u l t  o f  a lower  h e l -  
i c a l  t i p  Mach number. The s h o r t e r  A3 a f t  b lades t u r n e d  a t  t h e  same r o t a t i o n a l  
speed as t h e  A1 blades. The t i p  r o t a t i o n a l  v e l o c i t y  w i t h  t h e  shortened A3 
blades was then  lower than t h a t  f o r  t h e  A1 b lades.  The lower v e l o c i t y  reduced 
t h e  s t r e n g t h  o f  the no ise -genera t i ng  mechanism and r e s u l t e d  i n  lower p r o p e l l e r -  
i l l one  n o i s e  f o r  the A3 a f t  b lades even though t h e  p i t c h  o f  t h e  A3 b lades was 
increased t o  produce approx ima te l y  t h e  same t o t a l  t h r u s t  as t h e  A1 b lades.  
These reduc t i ons  i n  t h e  a f t - p r o p e l l e r  pass ing  tone a r e  s i g n i f i c a n t .  I f  a 
c o u n t e r r o t a t t o n  a i r p l a n e  had p r o p e l l e r s  w i t h  unequal numbers o f  f o rward  and a f t  
b lades,  t h e  forward- and a f t - p r o p e l l e r  tones would be a t  d i f f e r e n t  f requenc ies .  
T h i s  m igh t  compl icate t h e  des ign  o f  t h e  a c o u s t i c  damping m a t e r i a l  needed t o  
make an acceptable a i r p l a n e  i n t e r i o r  n o i s e  l e v e l  and m igh t  even i n c r e a s e  t h e  
amount needed. S u b s t a n t i a l  r e d u c t i o n s  i n  t h e  a f t - p r o p e l l e r  b lade  pass ing  tone  
cou ld  s i m p l i f y  the des ign  aga in  and p o s s i b l y  reduce t h e  amount o f  m a t e r i a l  
needed. 
The harmonic l e v e l s  w e r e  a l s o  reduced w i t h  t h e  reduced-diameter a f t  p r o -  
p e l l e r  ( f i g .  1 1 ) .  The r e d u c t i o n s  I n  t h e  harmonics shown he re  f u r t h e r  emphaslze 
the  e f f e c t i v e n e s s  o f  t h e  reduced-diameter a f t  p r o p e l l e r .  
I n t e r a c t i o n  Tones 
Tones B P F F - t  ___ BPFA. -- The f i r s t  i n t e r a c t i o n  tone occu r red  a t  a f requency 
t h a t  i s  t he  sum o f  t h e  two p r o p e l l e r  b lade  pass ing  f requenc ies  ( f i g .  2 ) .  The 
reduced-diameter a f t  p r o p e l l e r  s i g n i f i c a n t l y  reduced t h i s  i n t e r a c t i o n  tone 
( f i g .  12 ) .  A t  p a r t i c u l a r  angles t h e  r e d u c t i o n  was as much as 7 t o  8 dB. The 
Mach 0.72, 95-percent speed da ta  a r e  aga in  i n c l u d e d  because they a r e  more 
r e p r e s e n t a t i v e  than t h e  Mach 0.72, 100-percent  speed da ta .  
I t  i s  wo r th  n o t i n g ,  a l t hough  no e x p l a n a t i o n  i s  r e a d i l y  apparent ,  t h a t  t h e  
d i r e c t i v i t y  p a t t e r n  o f  r e d u c t i o n  seems t o  va ry  w i t h  a x i a l  Mach number. A t  Mach 
0.76 and 100-percent speed t h e  r e d u c t i o n  was p r i m a r i l y  i n  p l a n e  and forward.  
As  t h e  a x i a l  Mach number was decreased, t h e  r e d u c t i o n s  moved toward t h e  r e a r .  
l h e  reduced-diameter a f t  p r o p e l l e r  was designed t o  reduce t h e  v o r t e x  
i n t e r a c t i o n  no ise  a t  t a k e o f f  by hav ing  t h e  v o r t e x  pass outboard o f  t h e  down- 
stream blades.  This d i c t a t e d  t h e  d iameter  r e d u c t i o n  needed so t h a t  t h e  v o r t e x  
would m i s s  t h e  downstream blades.  A t  c r u i s e  t h e  v o r t e x  w i l l  p robab ly  be 
f a r t h e r  from t h e  :,ab and t h e  shortened a f t  b lades w i l l  be even more l i k e l y  t o  
m i s s  t h e  v o r t e x .  This ,  combined wth r e d u c t i o n s  of 7 o r  8 dB a t  some angles,  
i n d i c a t e s  t h a t  sho r ten ing  t h e  a f t  b lades has p robab ly  removed t h e  v o r t e x  i n t e r -  
a c t i o n  as a n o i s e  source. 
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Tones a t  ~ B P F A  t BPF'F and BPF-4-t ~ B P F F .  - The second i n t e r a c t i o n  tones 
occurred a t  f requencies between the t h i r d  harmonic o f  t h e  fo rward  p r o p e l l e r  
( ~ B P F F )  and t h e  t h i r d  harmonic of  the a f t  p r o p e l l e r  ( ~ B P F A )  ( f i g .  2 ) .  The 
f i r s t  of these tones was a t  a frequency equal  t o  t h e  sum o f  t w i c e  t h e  b lade  
pass ing  frequency o f  t h e  a f t  p r o p e l l e r  and t h e  b l a d e  pass ing  frequency o f  t h e  
fo rward  p r o p e l l e r  ( ~ B P F A  t BPFF) .  The second tone  was a t  a f requency equal  
t o  t h e  sum of t h e  b lade  pass ing  frequency o f  t h e  a f t  p r o p e l l e r  and t w i c e  t h e  
b lade  pass ing  frequency o f  t h e  forward p r o p e l l e r  (BPFA t 2 8 p F ~ ) .  
d iameter  a f t  p r o p e l l e r  decreased these tones o n l y  s l i g h t l y  ( f i g s .  13 and 1 4 ) .  
A t  some angles t h e  tones increased.  
The reduced- 
A summation o f  these two tones ( ~ B P F A  t BPFF and BPFA t ~ B P F F )  based on a 
pressure-squared a d d i t i o n  ( f i g .  1 5 )  shows l i t t l e  n o i s e  r e d u c t i o n  i n  these ha r -  
monics w i t h  t h e  reduced-diameter a f t  p r o p e l l e r  and inc reases  a t  some ang les .  
l h i s  may mean t h a t  t h e  tones a t  these harmonics a r e  c o n t r o l l e d  by t h e  wake 
i n t e r a c t i o n s  a t  some inboard  sect ions o f  t h e  b lades and n o t  by t h e  v o r t e x  
i n t e r a c t i o n  near t h e  t i p .  
Tones a t  ~ S P F A  t BPFF , 2 8 P F ~ t  2BPFF, and BPFA t ~ B P F F .  - The t h i r d  
i n t e r a c t i o n  tones i n  t h e  spectrum occurred a t  f requenc ies  between t h e  f o u r t h  
harmonic o f  t h e  fo rward  p r o p e l l e r  ( ~ B P F F )  and t h e  f o u r t h  harmonic o f  t h e  a f t  
p r o p e l l e r  ( ~ B P F A ) .  I n  genera l  t h e  reduced-diameter a f t  p r o p e l l e r  d i d  n o t  cause 
much o v e r a l l  change i n  these t h r e e  i n t e r a c t i o n  tones ( f l g .  16 ) .  Comparing t h e  
summation o f  these t h r e e  tones ( f i g .  1 6 ( d ) )  shows a s l i g h t  r e d u c t i o n  a t  some 
angles,  a s l i g h t  i n c r e a s e  a t  o t h e r  angles,  and n o t  much change o v e r a l l  - an 
I n d i c a t i o n  t h a t  t h e  i nboard  sect ions o f  t h e  b lade  may c o n t r o l  t h e  n o i s e  a t  
these harmonics. 
T o t a l  Noise Reduct ion 
I n  t h e  9- by 8-blade c o n f i g u r a t i o n  t e s t e d  I n  t h i s  i n v e s t i g a t i o n  t h e  b lade  
pass ing  tones and harmonics o f  t h e  two p r o p e l l e r s  appeared a t  d i f f e r e n t  f r e -  
quencies.  For a c o u n t e r r o t a t i o n  p r o p e l l e r  w i t h  equal  numbers o f  f o rward  and 
a f t  b lades t u r n i n g  a t  t h e  same speed, t h e  tones a t  each harmonic would occur 
a t  t h e  same f requencies.  The spectrum would appear s i m i l a r  t o  a s i n g l e -  
r o t a t i o n  spectrum w i t h  tones o n l y  appear ing a t  t h e  b lade  pass ing f requency and 
i t s  harmonics.  The forward-  and a f t - p r o p e l l e r  p r imary  tones and t h e  i n t e r -  
a c t i o n  tones a t  a g i v e n  harmonic would occur a t  t h e  same frequency and would 
add t o g e t h e r  t o  make t h e  t o t a l  tone a t  t h a t  harmonic. For example, i n  f i g u r e  2 
t h e  tones a t  2BPF1, B P F l  t BPF2, and 2BPF2 would a l l  add t o g e t h e r .  
s e c t i o n  discusses t h e  t o t a l  n o i s e  a t  each harmonic and t h e  r e l a t i v e  importance 
of t h e  v a r i o u s  tones i n  these t o t a l s .  
Th i s  
T o t a l  n o i s e  a t  b lade  pass ing f requenc ies .  - Since t h e  i n t e r a c t i o n  tones 
o n l y  s t a r t  w i t h  t h e  second harmonlc ( B P F F ~  t B P F A ~ ,  e t c . ) ,  t h e  t o t a l  b lade  
pass ing  tone i s  ob ta ined  by adding t h e  p r i m a r y  b lade  pass ing  tone  f o r  t h e  f o r -  
ward p r o p e l l e r  t o  t h a t  f o r  t h e  a f t  p r o p e l l e r .  
A t  Mach 0.76 and 100-percent speed t h e  fo rward  p r o p e l l e r  ( F l )  peaked 
around 90" ( t r a n s d u c e r  9 )  and t h e  a f t  p r o p e l l e r  ( A l )  around 98" ( t r a n s d u c e r  10) 
( f i g .  1 7 ( a ) ) .  The peaks were a t  approx imate ly  t h e  same l e v e l .  The tones added 
t o g e t h e r  t o  g i v e  approx imate ly  a 3-dB l n c r e a s e  a t  t h e  peak. 
f o rward  n o i s e  was c o n t r o l l e d  by the fo rward  p r o p e l l e r  and t h e  a f t w a r d  n o i s e  by 
t h e  a f t  p r o p e l l e r .  
I n  genera l  t h e  
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Wi th  t h e  reduced-diameter a f t  p r o p e l l e r  (A3) ( f i g .  1 7 ( b ) )  t h e  a f t -  
G r o p e l l e r  tone was s i g n i f i c a n t l y  decreased and t h e  summation was s m a l l e r .  
l h l s  r e s u l t e d  i n  t h e  t o t a l  b lade  pass lng tone be ing  reduced. 
The t o t a l  blade pass ing  tone  r e d u c t i o n s  were s i g n i f i c a n t  ( f i g .  18 ) .  
Because t h e  Mach 0.72, 100-percent-speed c o n d i t i o n  showed t h e  l e a s t  t o t a l  n o i s e  
r e d u c t i o n ,  t h e  Mach 0.72, 95-percent-speed r e s u l t s  were i n c l u d e d  as b e i n g  more 
t y p i c a l  o f  t h e  data. As  much as a 3-dB r e d u c t i o n  was observed a t  t h i s  cond i -  
t i o n  a t  t h e  peak ( f i g .  1 8 ( c ) ) .  Th i s  l e v e l  o f  t o t a l  b lade  pass jng  tone  reduc- 
t i o n  w i t h  t h e  reduced-diameter a f t  p r o p e l l e r  c o u l d  have an e f f e c t  on t h e  
i n t e r i o r  n o i s e  l e v e l  o f  advanced c o u n t e r r o t a t i o n - p r o p e l l e r - p o w e r e d  a i r c r a f t .  
The o v e r a l l  e f f e c t  f rom reduc ing  t h e  a f t - p r o p e l l e r  d iameter  would be even more 
power fu l  f o r  a c o u n t e r r o t a t i o n  p r o p e l l e r  where t h e  a f t - p r o p e l l e r  tones domin- 
a ted  t h e  spectrum. 
T o t a l  n o i s e  a t  t w i c e  b lade  pass ing  f requency.  - The t o t a l  n o i s e  a t  t w i c e  
b lade  pass ing  frequency i n c l u d e s  t h e  two p r imary  tones (2BPFt- and ~ B P F A )  and 
t h e  f i r s t  i n t e r a c t i o n  tone ( B P F F  t BPFA). W i th  t h e  o r i g i n a l  a f t  p r o p e l l e r  
( f i g .  1 9 ( a ) )  t h e  two p r imary  tones ( 2 6 P F ~ 1  and 2 6 P F ~ 1 )  had about t h e  same peak 
l e v e l  near t h e  plane o f  r o t a t i o n ,  b u t  t h e  i n t e r a c t i o n  tone  ( B P F F ~  t B P F A ~ )  had 
a much lower  peak and was o n l y  o f  t h e  same magnitude as t h e  p r imary  tones when 
t h e  p r o p e l l e r  ax l s  was approached. Theory says t h a t  t h e  p r imary  tones should 
have t h e i r  peak somewhere near t h e  p lane  o f  r o t a t i o n  and should decrease toward 
t h e  a x i s  and t h a t  t h e  i n t e r a c t i o n  tones remain h i g h  on t h e  a x i s  ( see  f i g .  4 o f  
r e f .  8 ) .  These r e s u l t s  a r e  then c o n s i s t e n t  w i t h  t h e  t r e n d  expected f r o m  
theo ry .  The r e s u l t s  shown he re  f o r  Mach 0.76 and 100-percent  speed were t y p i -  
c a l  o f  t h e  o t h e r  c o n d i t i o n s .  
ComparSng the t o t a l  n o i s e  a t  t w i c e  b lade  pass ing  frequency f o r  t h e  two 
p r o p e l l e r  combinat ions ( f i g .  20) shows s i g n i f i c a n t  r e d u c t i o n s  w i t h  t h e  reduced- 
d iameter  a f t  p r o p e l l e r  - as much as 10 dB a t  some c o n d i t i o n s  f o r  a f t  angles.  
For t h i s  experiment n o i s e  was measured as f a r  f o rward  as 4 7 "  and as f a r  
a f t  as 133".  Nowhere i n  t h i s  range d i d  t h e  i n t e r a c t i o n  tones dominate.  A t  
some ang le  c l c s e r  t o  the  a x l s  t h e  i n t e r a c t i o n  tone may dominate. However, f o r  
t he  angu la r  range where t h e  da ta  were measured, t h e  change i n  t h e  i n t e r a c t i o n  
tones d i d  n o t  have much e f f e c t  on t h e  t o t a l  no i se .  Most o f  t h e  change i n  t o t a l  
n o i s e  a t  t w i c e  blade pass ing frequency a t  c r u i s e  r e s u l t e d  f rom r e d u c t i o n  i n  t h e  
a f t - p r o p e l l e r  blade pass ing tone.  The i n t e r a c t i o n  n o i s e  i s  expected t o  be 
l a r g e r  r e l a t i v e  t o  t h e  p r o p e l l e r - a l o n e  tones a t  t a k e o f f  c o n d i t i o n s  than  a t  t h e  
c r u i s e  c o n d i t i o n s  t e s t e d  h e r e i n .  There fo re  t h e  r e d u c t i o n s  i n  t h e  i n t e r a c t i o n  
tone may have a l a r g e r  e f f e c t  on t h e  t o t a l  n o i s e  r e d u c t i o n  a t  t a k e o f f .  
T o t a l  tone a t  t h r e e  t imes b lade  pass ing  f requency.  - The t o t a l  n o i s e  a t  
t h ree - t imes  b lade  passing frequency i n c l u d e s  t h e  two p r i m a r y  tones ( ~ B F P F  and 
~ B P F A )  and two i n t e r a c t i o n  tones ( 2 8 p F ~  t BPFA and BPFF t ~ B P F A ) .  T h i s  n o i s e  
was s i g n i f i c a n t l y  reduced w i t h  t h e  reduced-diameter a f t  p r o p e l l e r  ( f i g .  21) .  
As  f o r  t h e  t o t a l  no ise a t  t w i c e  b lade  pass ing  f requency t h e  r e d u c t i o n s  were 
f r o m  decreases i n  the  a f t - p r o p e l l e r  p r imary  tone  a t  t h i s  harmonic. Th i s  was 
t h e  r e s u l t  o f  t h e  i n t e r a c t i o n  tone n o t  c o n t r i b u t i n g  much t o  t h e  F1-A1 t o t a l  a t  
m o s t  angles and the smal l  observed r e d u c t i o n s  i n  t h e  i n t e r a c t i o n  tones 
( f i g .  1 5 ) .  
, T o t a l  t one  a t  f o u r  t imes b lade  pass ing  f requency.  - l h e  t o t a l  n o i s e  a t  
f o u r  t imes b lade  passing frequency i n c l u d e s  t h e  two p r i m a r y  tones (48PFF and 
I 6 
~ B P F A )  and t h r e e  i n t e r a c t i o n  tones ( 3 6 P l ~  t BPFA, ~ B P F F  t ~ B P F A ,  and 
BPFF t ~ B P F A ) .  Th is  n o i s e  was s i g n i f i c a n t l y  reduced w i t h  t h e  shortened a f t  
b lades ( f i g .  22) .  As  be fo re ,  t h e  reduc t i ons  were f rom t h e  r e d u c t i o n  i n  t h e  
a f t - p r o p e l l e r  p r imary  tone a t  t h i s  harmonic. 
CONCLUDING REMARKS 
The fo rward  p r o p e l l e r  o f  a c o u n t e r r o t a t i o n  p r o p e l l e r  was t e s t e d  w i t h  two 
d i f f e r e n t  a f t  p r o p e l l e r s  - t h e  one o r i g i n a l l y  designed f o r  t h e  fo rward  p r o -  
p e l l e r ,  and one designed w i t h  a reduced d iameter  so as t o  a v o i d  i n t e r a c t i o n  
w i t h  t h e  f o r w a r d - p r o p e l l e r  t i p  vo r tex .  The reduced-diameter a f t  p r o p e l l e r  was 
designed t o  g i v e  l e s s  i n t e r a c t i o n  noise a t  t a k e o f f  c o n d i t i o n s .  Noise reduc- 
t i o n s ,  i n  b o t h  i n t e r a c t i o n  tones and p r o p e l l e r - a l o n e  tones, were observed w i t h  
t h i s  p r o p e l l e r  o p e r a t i n g  a t  s imulated c r u i s e  c o n d i t i o n s .  A l l  comparisons were 
made a t  app rox ima te l y  equal  t o t a l  t h r u s t  ( w i t h i n  10 p e r c e n t ) ,  and t h i s  r e q u i r e d  
a l a r g e r  b lade  ang le  on t h e  reduced-diameter a f t  p r o p e l l e r .  
The p r o p e l l e r - a l o n e  tones o f  the fo rward  p r o p e l l e r ,  t h e  b lade  pass ing  
tone, and t h e  harmonics showed l i t t l e  change when t h e  reduced-diameter a f t  p r o -  
p e l l e r  was s u b s t i t u t e d  f o r  t h e  o r i g i n a l  a f t  p r o p e l l e r .  What changes were 
observed may be t h e  r e s u l t  o f  s l i g h t  d i f f e r e n c e s  i n  t h e  f o r w a r d - p r o p e l l e r  aero- 
dynamics when i t  was o p e r a t i n g  w i t h  t h e  reduced-d iameter  a f t  p r o p e l l e r .  
The a f t - p r o p e l l e r - a l o n e  tones were s i g n l f i c a n t l y  reduced w i t h  t h e  reduced- 
d iameter  a f t  p r o p e l l e r  - reduc t i ons  o f  t h e  o r d e r  o f  7 .5  dB i n  t h e  b lade  pass ing 
tone  and 15 dB i n  t h e  harmonics. Reductions o f  t h i s  magnitude cou ld  s i g n i f i -  
c a n t l y  enhance t h e  a c c e p t a b i l i t y  o f  c a b i n  n o i s e  i n  c o u n t e r r o t a t i o n - p r o p e l l e r - .  
powered a i r p l a n e s .  
The i n t e r a c t i o n  tones were a l so  reduced - mos t l y  i n  t h e  f i r s t  i n t e r a c t i o n  
tone, w i t h  o n l y  s l i g h t  r e d u c t i o n s  a t  t h e  h i g h e r  harmonics. The r e d u c t i o n s  i n  
t h e  f i r s t  i n t e r a c t i o n  tone a t  some angles were enough t o  i n d i c a t e  t h a t  t hey  
p robab ly  were t h e  r e s u l t  o f  t h e  reduced-diameter a f t  p r o p e l l e r  no l onger  i n t e r -  
a c t i n g  w i t h  t h e  t i p  v o r t e x  f rom the fo rward  p r o p e l l e r .  
The t o t a l  n o i s e  a t  each harmonlc was computed. Th is  i n v o l v e d  summing t h e  
p r i m a r y  and i n t e r a c t i o n  tones a t  each harmonic.  As  much as 3-dB t o t a l  n o i s e  
r e d u c t i o n  was observed I n  t h e  blade pass lng  tone  as a r e s u l t  o f  t h e  reduced 
a f t - p r o p e l l e r  b lade  pass ing tone.  The h i g h e r  harmonics were a l s o  reduced - as 
much as 10 dB a t  some c o n d i t i o n s .  These r e d u c t i o n s  r e s u l t e d  p r i m a r i l y  f rom t h e  
reduced a f t - p r o p e l l e r  b lade  harmonics s i n c e  t h e  i n t e r a c t i o n  tones d i d  n o t  con- 
t r i b u t e  g r e a t l y  t o  t h e  t o t a l  t one  l e v e l s  a t  t h e  measurement angles.  
f o r w a r d  o r  a f t  angles t h e  i n t e r a c t i o n  n o i s e  r e d u c t i o n  m igh t  dominate. Most o f  
t h e  r e d u c t i o n s  were t o  t h e  r e a r  so t h a t  c a b i n  n o i s e  r e d u c t i o n s  would n o t  be as 
l a r g e  f o r  an af t -mounted p r o p e l l e r  as they would be f o r  a wing-mounted one. 
A t  more 
The n o i s e  r e d u c t i o n s  a t  c r u i s e  w i t h  t h e  reduced-diameter a f t  p r o p e l l e r  
were s i g n i f i c a n t  and would measurably improve c a b i n  n o i s e  l e v e l s .  
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Propeller Diameter Chord at Tip Design 
cm in. span deg ratio 
50-percent sweep, advance 
cm in. 
F1 62.2 24.5 7.39 2.91 33.4 2.81 
A1 60.7 23.9 1.39 2.91 29.9 2.81 
A3 53.1 20.9 9.49 3.14 22.0 a3.29 
TABLE 11. - ANGULAR POSITIONS OF 
TRANSDUCERS USED IN EXPERIMENT 
[Translating plate 0.3 propeller 
diameter from propeller tip.] Activity factor 
150 
150 
a243 
Transducer 
_ _ _ _ _ ~  
General description 
Axial Nominal 
Mach speed, 
number percent of 
design 
Angle measured from 
forward-propeller 
axis (fig. 5 ) ,  
e ,  
deg 
Specific conditions Total 
power 
- clenta 
- ratio Mach ratio Mach 
rpm percent o f  number rpm percent of number 
Forward propeller Aft propeller coeffi- 
Speed Advance Helical tip Speed Advance Helical tip 
design design 
1 
2 
4 
6 
8 
9 
10 
12 
14 
16 
11 
1.0938 
1 .Ob65 
1.0381 
1 .Ob80 
1 .0386 
1.0118 
1.0021 
.9132 
41 
52 
59 
69 
82 
90 
98 
1 1 1  
121 
128 
133 
3.13 
2.45 
4.01 
3.51 
2.92 
4.69 
4.12 
TABLE 111. - EXPERIMENlAL CONDITIONS 
0.76 100 
95 
90 
.72 100 
95 
90 
.61 95 
90 
8301 100.41 2.948 
1849 95.04 3.120 
1449 90.27 3.291 
8296 100.20 2.807 
1851 94.81 2.960 
7450 89.99 3.121 
1899 94.69 2.156 
1501 89.93 2.911 
0.76 
.12 
. 61 
100 
95 
90 
100 
95 
90 
95 
90 
~ 
8005 
7604 
1205 
8054 
1655 
1257 
1654 
7256 
99.96 
94.98 
89.91 
100.16 
95.15 
90.24 
94.12 
89.19 
2.966 
3.125 
3.293 
2.801 
2.951 
3.113 
2.157 
2.905 
1 .lo63 
1 .0181 
1.0490 
1.0809 
1.0506 
1.0224 
1.0141 
.9842 
8054 
1650 
1255 
81 03 
7101 
1301 
1105 
1306 
H-A3 propeller 
1 .lo88 
1.0780 
1.0521 
1 .0814 
1.0482 
1.0208 
1.0137 
.9861 
__ 
8352 
1902 
7497 
8356 
1897 
1505 
1949 
1550 
__ 
100.58 
95.56 
90.6 
100.11 
95.13 
90.86 
95.35 
90.40 
101.09 
95.68 
90.85 
100.93 
95.31 
90.65 
95.29 
90.52 
3.031 
3.194 
3.363 
2.868 
3.016 
3.119 
2.816 
2.961 
3.438 
3.637 
3.837 
3.270 
3.452 
3.635 
3.214 
3.394 
1.0218 
1.0038 
.9836 
.9991 4.13 
.9118 
.9509 
.9349 4.51 
.9139 3.94 
9 
Transducer  B l a d e  p a s s i n g  f r e q u e n c y  
8PFAl 8PFFl 28PFAl BPFAl t 28PFF1 38PFA1 2BPFA1 + BPFAl + 
BPFFl 28PFF1 B P F F l  
38PFF1 48PFA1 38PFA1 + 28PFA1 f 8PFAl + 4BPFF1 
8PFFl 28PFF1 38PFF1 
136.5 
133.0  
135.5  
( a )  
129.0 
128.5  
131.5  
b126.5 
( a )  
( a )  
Sound p r e s s u r e  l e v e l ,  d 8  
1 0 0 - P e r c e n t  speed __ 
142.0 
143.0 
146.0  
1 4 3 . 0  
156.0 
162.0 
164.0 
158.5  
143.5 
152.5 
150.5  
___ 
- 
144.0 
142.0 
144.0 
156.5  
162.5 
163.0  
162.5 
147.0 
143.0  
151 .O 
149.0  
__ 
__ 
'132.0 
3132.0 
134.5 
143.0 
153.5 
154.5 
1 5 3 . 0  
141 . O  
142.0 
135.0  
135.5  
1 
2 
4 
6 
8 
9 
1 0  
1 2  
14 
1 6  
17 
( a )  
( a )  
( a )  
bl 29.5 
136.5  
139.0 
139.5  
134.0 
137.0 
130.5 
133.0  
( a )  
1 
131.5 
136.5  
137.0 
129.0 
137.5  
132.5 
132.0 
( a )  
I 
132.5  
135.0 
133.5  
128.0  
b126.5 
129.0  
b126.0 
a131 . 5  
135.0 
135.0 
b132.0 
141.5 
153.0 
154.5 
152.0 
143.0 
137.5 
138.0 
'133.5 
'133.0 
134.0 
137.5  
145.0 
145.5 
141.0  
140.0  
131.0 
132.5 
135.5  
( a )  
1 
136.0  
148.0 
153.0 
150.0  
132.0  
133.5 
131.0  
( a )  
( a )  
( a )  
131 .O 
139.0 
144.0 
133.0 
132.0 
135.0  
134.5  
131.0 
95-Percent  speed 
1 
2 
4 
6 
8 
9 
1 0  
1 2  
14 
1 6  
17 
135.0 
136.0  
136.5 
138.5  
140.5 
136.0  
145.5 
134.0 
137.5 
135.0  
132.0  
~ 
'131 .O 
134.0 
136.0  
1 3 1 . 0  
151.5 
148.5  
151 . O  
142.0 
134.0  
135.0  
135.5 
( a )  
1 
135.0  
1 4 1  .O 
148.0  
134.0  
133.0  
132.0  
134.0  
( a )  
1 
135.5  
131.5 
135.0  
129.5  
131.0  
134.0 
128.0  
( a )  
1 
148.5 
153.0  
144.0  
140.0 
132.5  
134.5  
135.0 
( a )  
I 
136.0  
143.0  
144.5 
145.0  
133.5  
133.0  
136.0  
( a )  
1 
131 . 5  
132.0  
128.0 
128.5  
b127.0 
( a )  
( a )  
( a )  
1 
133.0  
134.0 
131.5  
134.5  
129.0  
133.0  
131.5  
( a )  
1 
144.0 
138.0  
147.0  
130.5 
135.5  
134.5  
132.5 
135.0 
136.5  
133.0  
130.5 
134.0  
131.5 
( a )  
1 3 0 . 0  
134.5 
129.0  
1 3 4 . 0  
136.0 
129.0 
( a )  
~~~ 
90 -Percent  speed 
~~~ 
b133.0 
136.5 
b132.5 
134.0 
141 . O  
147.5 
154.0 
136.0 
132.5 
131.0  
136.0  
___- 
( a )  
I 
133.0  
1 3 8 . 0  
136.0 
134.5  
131 .O 
129.5 
132.5 
~. 
( a )  
i 
134.0 
140.0 
138.5 
135.0 
129.0 
133.0  
130.0  
__ 
( a )  
I 
140.5  
146.0 
142.0 
135.5  
127.0 
129.0  
128.5  
_~__ 
( a )  
1 
133.0 
146.0 
139.0  
136.0  
131 . O  
132.5  
129.5  
-- ~ 
( a )  
i 
131 . O  
133.0  
136.0  
133.0  
129.5  
131 . O  
( a )  
145.0ph 4 5; 
140.5 151.5  
142.0 154.5 
144.0 152.0 
155.5  158.5  
159.0 158.0 
158.5 149.0 
147.0  149.5 
145.0  140.5  
140.5 135.0 
139.5  139.0  
b134.0 
135.5 
134.5  
133.0  
142.0 
140.0  
145.0  
139.5 
133.0 
130.5 
136.0  
b135.0 
139.0  
131.0  
135.5  
150.0 
148.5 
148.0  
136.0 
131.0 
133.5  
132.0  
134.0 
134.5  
134.5  
134.0 
133.5  
133.0 
129.0  
147.0 
149.0  
131.0 
134.5 
136.0  
136.0  
133.5 
aTone n o t  v i s i b l e  above tunne l  background. 
b o n e  o n l y  s l i g h t l y  above t u n n e l  background.  
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TABLE I V .  - Con t inued .  
( b )  Mach 0.72 
B l a d e  p a s s i n g  f r e q u e n c y  
2BPFAl BPFAl t 2BPFFl 38PFA1 28PFA1 t BPFAl t 38PFF1 48PFA1 3BPFAl + 28PFA1 BPFAl t 4BPFF, 
BpFF l  BPFFl 28PFF1 8PFFl 2BPFF1 38PFF1 
( a )  
( a )  
132.0 
130.0 
140.1 
150.0 
153.0 
146.0 
141.5 
( a )  
( a )  
131.5 
136.0 
136.0 
138.0 
133.0 
137.0 
137.0 
136.0 
135.0 
134.0 
130.5 
132.0 
144.0 
132.0 
136.5 
132.0 
l r a n s d u c e r  
BPFAl BPFFl I
Sound p r e s s u r e  l e v e l ,  dB 
ipeed 1 00 -Percen t  
__ 
( a )  
I 
38.5 
39.0 
37.0 
137.0 
132.0 
138.0 
132.5 
( a )  
1 
30.0 
29.5 
136.0 
139.0 
139.0 
137.0 
132.0 
1 
2 
4 
6 
8 
9 
10  
12  
14  
16  
17 
46.0 
51 .O 
48.0 
56.0 
50.0 
57.0 
59.5 
56.0 
56.0 
48.0 
43.0 
148.5 
146 .0  
145.5 
150 .0  
161.5 
162.5 
158.0 
145.5 
153.0 
149.5 
149.5 
136.0 
135.5 
136.5 
139.5 
147.0 
153.0 
155.5 
152.5 
140 .0  
137.5 
135.5 
138.5 
141 .O 
i 3 6 . 0  
145.5 
141 .O 
138.0 
142.5 
141.5 
137.5 
133.0 
138.5 
36.5 
36 .0  
37.5 
38.5 
54.0 
54.5 
54.0 
48.5 
36.0 
39.0 
36.0 
( a )  
( a )  
131.5 
135.0 
137.0 
134.0 
138.0 
132 .0  
142.5 
134 .0  
130.0 
( a )  
I 
38.0 
47.0 
46.5 
( a )  
1 
133.0 
140.0 
134.5 
133.0 
132.5 
128.5 
129 .0  
~ 
( a )  
1 
132.5 
131.5 
132 .0  
136.0 
'126.0 
'126.0 
130.0 
( a )  
1 
131 . O  
130.5 
135.0 
133.0 
129.5 
132.0 
128.5 
( a )  
1 
128.5 
128.5 
128.5 
b127.0 
b127.0 
128.0 
b127.0 
( a )  
I 
130.0 
128.0 
b126.0 
( a )  
( a )  
( a )  
( a )  
1 
145.0 
147.0 
147.0 
133.0 
134.5 
134.0 
136.0 
132.0 
131.5 
149.0 
151 .O 
145.0 
141.0 148.5 
133 .0  134.5 
133 .0  138 .0  
129.5 I 139 .0  
95 -Percen t  speed 
____ 
140.0 
146 .0  
149.5 
148.5 
157.5 
160.5 
160.5 
154.0 
155.0 
150.0 
150.0 
( a )  
( a )  
( a )  
32.5 
35.5 
31 .O 
34.0 
133.0 
130.5 
130.0 
131 .O 
1 
2 
4 
6 
8 
9 
10  
12 
14  
16  
1 7  
147.0 
153.5 
151.5 
155.5 
160.0 
160.0 
156.5 
154.5 
146 .0  
144.5 
141 .O 
135.0 
134.5 
136.5 
139.5 
146.0 
147.5 
149.5 
146 .0  
141 .O 
137.5 
140.5 
136.5 
135.5 
137.0 
142.0 
135.5 
140.0 
141.5 
135.0 
131.5 
134.0 
139.5 
34.0 
35.5 
36.5 
43.5 
50.0 
51 .O 
48.5 
141 .O 
139.0 
135.0 
135.0 
( a )  
1 
142.0 
149.0 
151.5 
145.0 
133.0 
132.0 
131.5 
( a )  
1 
37.0 
46.0 
46.0 
( a )  
1 
145.0 
145.0 
142.5 
128.5 
133.0 
130.0 
( a )  
( a )  
( a )  
( a )  
137 .0  
132.0 
136.0 
135.0 
138.0 
137.0 
131 .O 
135.0 
( a )  
( a )  
( a )  
133.5 
149.0 
150.5 
140.0 
90 -Percen t  speed 
__ 
( a )  
1 
32.0 
35.5 
38.0 
143.0 
139.5 
131 .O 
130 .0  
1 
2 
4 
6 
8 
9 
10  
12 
14 
16 
17 
151 .O 
149.0 
146.0 
145 .0  
156.0 
158.5 
157.5 
150.0 
136.5 
141.5 
143.0 
147.5 
144.5 
151.5 
149.5 
160.0 
157.5 
154.0 
143.0 
146.0 
139.5 
142.0 
141 .O 
138.5 
138 .0  
135.0 
144.5 
151.0 
152.5 
144.5 
133.5 
135.5 
135.5 
( a )  
1 
139.0 
144.0 
139.0 
139.0 
131 .O 
(a )  
(a )  
~ 
( a )  
( a )  
( a )  
131 .O 
135.0 
132.5 
134.0 
134.5 
139.0 
135.0 
136.0 
( a )  
( a )  
( a )  
134.5 
146 .0  
145 .0  
140 .0  
137 .0  
137 .0  
131 . O  
133.5 
( a )  
1 
133 .0  
140 .0  
145.0 
129 .0  
127.0 
127.0 
( a )  
( a )  I 
130.5 
130.5 
129.0 
( a )  
( a )  
'127.0 
( a )  
( a )  
( a )  
130.0 
135.0 
133.0 
36.0 
29.5 
30.5 
30.0 
34.0 
~ 
( a )  
1 
144 .0  
146.0 
138.5 
135.0 
134.0 
128.5 
126.0 
141 .O 
134.5 
136.0 
132.5 
134.0 
51 .O 
48.0 
42.0 
36.0 
38.0 
35.5 
'Tone n o t  v i s l b l e  above t u n n e l  background.  
'Tone o n l y  s l i g h t l y  above t u n n e l  background.  
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TABLE Iv .  - Concluded. 
( c )  Mach 0.67 
B l a d e  p a s s i n g  f r e q u e n c y  
__- - 
( a )  
127.5 
128.0 
128.5 
136.5  
138.5  
( a )  
130.0  
137.0  
146.0  
147.5 
140.0  
146.0 
143.0 
136.5 
133.0 
~~~ 
136 .0  
133.0  
133.0  
129.0  
1 3 9 . 0  
1 3 3 . 0  
135.0  
131.0 
121.0  
( a )  
Transducer  
t Sound p r e s s u r e  l e v e l ,  d8  A ~ - ~ ~ _ _ _  
95-Percent  speed 
- -~ 
130.0 
130.5 
133.0  
143.0 
146.5  
144.0 
140.5  
135.0  
137.0  
133.0  
137.5  
~~~ 
( a )  
( a )  
135.0 
144.0  
143.0  
141 . O  
134.0  
133.0  
132.0 
133.0 
134.0 
- 
1 
2 
4 
6 
8 
9 
1 0  
12  
14  
16  
17 
148.5 
149.0  
146.5  
153.0 
158.0  
160.0  
160.5  
156.0 
142.0  
148.5  
149.5 
143.0 
148.0 
149.0 
154.0 
159.5 
159.5 
160.0 
146.5 
147.5 
145.0  
148.0  
139.0 
137.0  
140.0  
143.0 
147.5 
150.0 
151.5 
149.5 
136.0 
133.0 
132.5 
133.0  
139.5 
137.0  
139.5  
142.0 
141 .O 
134.5 
137.5  
134.5 
137.0  
139.0  
140.0  
138.5  
143.5  
144.5  
152.5  
152.0  
146.5 
141 . O  
137.5  
140.0  
137.0  
__  
133.5 
132.0 
132.5 
131.5  
135.0  
133.0  
138.0  
136.5  
144.0  
139.0  
142.5 
( a )  
( a )  
129.0  
132.0  
140.5 
146.0  
146.0  
136.5  
131.5  
130.0 
128.0  
( a )  
( a )  
128.0  
129.0  
129.5  
134.0  
138.5  
129.0 
128.0 
1 2 9 . 5  
129.5  
~ 
-~ 
( a )  
( a )  
129.0  
( a )  
0127.0 
b126.5 
b126.0 
130.0  
128.0  
128.0  
127.0  
( a )  
( a )  
129.0 
128.0 
129.0  
130.0  
132.0  
127.0  
127.0  
128.5 
126.0  
90-Percent  speed 
- 
( a )  
( a )  
( a )  
134.0 
134.0  
135.5  
139.5  
142.5  
144.0  
142.0  
142.0  
-~ 
146.0  
145.5 
150.5  
156.0  
15R.0 
155.0  
151.5 
138.5  
143.5  
141.5 
141 . O  
~ 
( a )  
( a )  
133.5 
136.0 
138.0 
144.0  
142.0  
134.5 
129.5  
130.5 
( a )  
~ 
147 .5  
145.0  
136.5  
149.5  
155.5  
138.5 
142.5 
139.0 
139.5 
145.0  
147.5  
148.0 
139.5 
140.0 
137.0 
137.5 
b133.0 
136.0  
b134.0  
138.5  
141.5 
137.0 
b134.0 
b129.5 
b130.0  
b131 . O  
b131 . O  
137.0  
137.0  
137.0  
150.0  
150.5  
150.5 
146.5 
140.0  
138.0  
137.5  
136.5  
~ 
( a )  
( a )  
131 . O  
131 .O 
134.0 
128.5  
1 3 3 . 0  
135.5 
130.0  
132.0  
136.0  
( a )  
( a )  
130.5 
128.0  
135.0  
143.5  
140.0 
132.0  
130.5 
128.0  
127.5  
( a )  
( a )  
( a )  
( a )  
129.5  
130.5 
b125.5 
128.0  
127.0  
b125.0 
b124.0 
9 1 1 5 6 . 5  
10  ' 155 .0  
12  ~ 150 .5  
14  146.0  
139.0  
135.0  
L--I 
aTone n o t  v i s i b l e  above tunne l  background.  
b l o n e  o n l y  s l i g h t l y  above tunne l  background.  
TABLE V .  - TONE NOISE F O R  PROPELLER F1-A3 
( a )  Mach 0.76 
l r a n s d u c e r  1 B lade  p a s s i n g  f requency  
BpFA3 
3BPFn3 28PFA3 BPFA3 t 1 BPFFl 1 2BPFFl 38PFF1 j 48PFA3 j 3BPFA3 + j 28PFA3 + j BPFA3 + 1 4 W F 1  
I I I _ ~ -  I I 
I Sound p r e s s u r e  l e v e l ,  dB 
100-Percen t  speed 
I 
1 
2 
4 
6 
8 
9 
10  
12  
14  
16  
1 7  
138.0 
139.5 
142.0 
140.5 
149 .0  
155.0 
158.5 
156 .0  
140.0 
148.5 
147.5 
~ 
__ 
138.0  
144.5 
145.5 
141.5 
146.5 
153.0 
155 .0  
151 . O  
147.5 
139.5 
136 .0  
( a )  
'130.0 
3132.0 
3131 .O 
140.0 
150.5 
154.5 
143 .0  
143.0 
137.5 
134.0 
-~ 
__ 
( a )  
( a )  
( a )  
132.5 
140 .0  
148 .0  
150.0 
140.0 
131.5 
131 . O  
132.0 
'132.5 
'131.5 
136.5 
141 .O 
52.0 
54.5 
52.0 
40.0 
39.0 
34.0 
35.5 __ 
- 
,132.5 
137 .0  
139 .0  
139.0 
143.0 
151 .0  
151.0 
141.5 
133 .0  
136 .0  
135.0 
( a )  
I 
133 .0  
137 .0  
138 .0  
j 3 6 . 0  
1 3 5 . 0  
133.0 
132 .0  
I 
(ii b131 .O b131.5 b131.5 133.0 
140.0 
142 .0  
142.5 
142 .0  
135 .0  
132.0 
132.0 
( a )  
134.5 
136.0 
137.0 
134.5 
136.0 
137.5 
134.0 
132.5 
131 .O 
130.5 
.- __ 
( a )  
( a )  
( a )  
128.5 
135.5 
141.5 
131 . O  
133 .0  
1 3 4 . 0  
133.5 
135.0 
( a )  
;;; ([) 
130.0 
147.5 131 .0  
152.0 139.5 
151.0 145.0 
134.0 129.5 
134.0 127 .0  
134.5 132.0 
131.0 132.5 
-~ - 
144.5 
143.0 
147.0 
155.5 
161.5 
162.5 
161.5 
145.5 
144 .0  
151.5 
147.5 
~ 
142.5 
148.0 
151.5 
148.5 
161.5 
162.0 
151.0 
143.0 
150.0 
150 .0  
148.0 
133 .0  143 .0  
136.5 148.5 
140.0 146.0 
138 .0  131.5 
139.5 133 .0  
135.0 131.5 
- 136.0  L131.5 132.0 145 .0  149.0 132.5 134.0 132.0 135.0 
~ 
130 .0  
131.0 
138 .0  
131 . O  
137 .0  
128.0 
129.5 
131 .O 
132.0 
131 . O  
129 .0  
128.0 
127.5 
128 .0  
-~ 
-~ 
(ii 
130.0 
130.0 
130.0 
b126.0 
b175.0 
( a )  
( a )  
- ~~ 
95 -Percen t  speed 
~ 
( a )  
1 
143 .0  
139 .0  
146.0 
133.0 
135 .0  
132.0 
130.5 
__ 
~ (r  
139.5 
146 .0  
144.0 
134.0 
126.0 
128.5 
129.5 
__ 
( a )  
I 
131 .O 
141 . O  
144.0 
132.0 
129.0 
130.0 
132.5 
_ _ ~  
( a )  
1 
132 .0  
134.0 
135.0 
129.5 
134.5 
133.0 
129.5 
1 
2 
4 
6 
8 
9 
10  
12  
14  
16  
11 
( a )  
1 
133.0 
135 .0  
133 .0  
134 .0  
134.0 
( a )  
129.5 
( a )  I 
141.0 
152.0 
145.0 
139.0 
132.0 
131.5 
132.5 
~- 
- 
( a )  
I 
146.5 
149.0 
135.0 
133.0 
133.5 
133.0 
132.0 
( a )  I 
131 .O 
134.0 
134.0 
130 .0  
121.5 
130 .0  
129 .0  
90-  p e r c e n t  speed 
__ 
144.0 
150.0 
153.5 
152.5 
159.5 
159.0 
152.5 
151.5 
143.0 
139.5 
141.5 
~ ~~~~ 
( a )  
137 .0  
136.5 
b133.5 
149.5 
148.0 
147.0 
137.5 
135.0 
131 .O 
129.5 
~ 
( a )  
i 
130.5 
139.0 
140.0 
( a )  
129.5 
130.0 
131 .O 
( a )  
i 
131 .O 
137 .0  
132.5 
128.0 
127.5 
129 .0  
121.0 
( a )  
I 
128 .0  
129.0 
134 .0  
132 .0  
133.0 
128 .0  
128 .0  
~. 
( a )  
b131 .5 
b131 . 5  
b132.0 
138.5 
145.0 
144.5 
134.5 
129.5 
131 . O  
131 . O  
( a )  I 
131 .O 
129.5 
133 .0  
132 .0  
( a )  
130 .0  
131 . 5  
( a )  
b132.0 
b131 . O  
b130.0 
133.0 
136.0 
136.5 
132.0 
129.0 
128.5 
130.0 
( a )  
1 
133.0 
133.5 
133.0 
136.0 
133.5 
130.0 
133.0 
( a )  
1 
121.5 
129.5 
130 .0  
136.0 
134.5 
132 .0  
128.5 
136.5 
138.5 
138 .0  
148 .0  
150.5 
10 151 . O  
12 144.5 
14  143.0 
1 6  136 .0  
17 136 .0  
128.5 
128.0 
128.5 
(:ii 
aTone n o t  v l s i b l e  above t u n n e l  background.  
bTone o n l y  s l i g h t l y  above t u n n e l  background.  
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TABLE V .  - Con t inued .  
( b )  Mach 0.72 
ransducer  B lade  p a s s i n g  f requency  
BPFA3 t 3BPFF1 4BPFA3 38PFA3 + 2BPFA3 t 8PFA3 + 4BPFF1 
8PFA3 BPFFl 2BPFA3 
8PFA3 t 2BPFFl 3BPFA3 28PFA3 t 
B p F F l  8PFFl 28PFF1 8PFFl 28PFF1 38PFF1 
Sound p r e s s u r e  l e v e l ,  d8 
100-Percent  soeed 
( a )  
I 
145.0 
145.0 
145.0 
I 3 1  . O  
132.5 
132 .0  
137.5 
__ 
~~ 
( a )  ( a )  
( a )  ( a )  
129.5 130.0 
137.0 135.0 
133.5 138 .0  
139 .0  139 .0  
139.0 139 .0  
137.0 133 .0  
149.0 
149.5 
148 .0  
149 .0  
162 .0  
163.0 
159.0 
148.0 
151 . O  
150.5 
149.5 
~ 
132.5 
133.5 
135.5 
137 .0  
142.5 
151 . O  
152.0 
136.0 
134.0 
136.5 
131 .O 
136 .0  
138.5 
136.5 
144.0 
140.5 
136.5 
139 .0  
139.5 
135.5 
133.0 
135.0 
133 .0  
135.0 
138.5 
137.5 
152.5 
152.5 
152.5 
145.5 
137.5 
137.5 
137.0 
( a )  
( a )  
129.0 
( a )  
139.0 
149.0 
149.5 
144.0 
131 . O  
131.5 
137.0 
( a )  
( a )  
131.5 
131 . O  
149.5 
152.0 
143.5 
139.0 
129.5 
133.0 
132.0 
( a )  
( a )  
( a )  
’127.0 
130 .0  
136.0 
131 . O  
136.0 
129 .0  
136.5 
130.5 
( a )  
( a )  
( a )  
130.5 
130.0 
134.0 
134.0 
128 .0  
130.5 
128.5 
b126.0 
( a )  
( a )  
( a )  
129 .0  
137 .5  
139 .0  
140.0 
139.0 
139.5 
137 .0  
133 .0  
( a )  r 
136.5 
142.0 
140.0 
133.0 
133.0 
137.0 
135 .0  
1 142.5 
2 147 .0  
4 148.5 
6 155.0 
8 144.5 
9 154.0 
10 156.5 
12  155.0 ‘ 154.0 
144.0 
144.5 
95 -Percen t  speed 
~- 
( a )  
( a )  
( a )  
133.0 
134 .0  
139.0 
136.0 
136.5 
136.5 
132.5 
135 .0  
1 
2 
4 
6 
8 
9 
10  
12  
14  
16 
17 
137.5 
140.5 
141.5 
150.0 
151.5 
155 .0  
156 .0  
153.0 
149.5 
142.0 
141 .O 
146.0 
152.5 
151.5 
155 .0  
158.5 
159 .0  
154 .0  
152.5 
147.0 
140.5 
141 .O 
~ 
133 .0  
135.0 
136.0 
135.0 
141.5 
148.0 
147.5 
137.5 
133.0 
133.0 
132.0 
( a )  
I 
138.0 
143.5 
144 .0  
133.0 
128.5 
133.0 
132.0 
( a )  
1 
134.0 
132.0 
134.0 
134.5 
128.0 
132.5 
134.5 
( a )  
( a )  
( a )  
130 .0  
148.0 
150 .0  
139.5 
134.0 
135.0 
135.0 
136 .0  
( a )  
I 
128.5 
130.0 
129.0 
128.0 
( a )  
( a )  
b127.5 
_ _ _ _ _ ~  
( a )  
I 
130.5 
129 .0  
135 .0  
136.0 
137.0 
134.0 
127 .0  
( a )  
1 
143 .0  
145.0 
139.5 
130.5 
133.5 
132 .0  
( a )  
134 .0  
133 .0  
133 .0  
137.0 
139.5 
134.5 
135.5 
131 . 5  
129.5 
129.5 
137.0 
134.5 
137.5 
137.0 
143.0 
150.5 
151.5 
148.5 
143 .0  
137.5 
135.0 
132.5 
134.0 
140.0 
139.0 
133 .0  
130.0 
130 .0  
127 .0  
129.0 
130.0 
134.0 
134 .0  
’126.5 
129 .0  
133 .0  
90-Percent  speed 
~~ ~ 
134.0 
136.5 
140.5 
143.0 
150.0 
150.5 
146 .0  
140.0 
133.0 
134.5 
132.0 
~ 
145.5 
145.5 
142.5 
140.5 
151.5 
154.0 
153.0 
147.5 
137.0 
136.5 
138.5 
____ 
1 
2 
4 
6 
8 
9 
10  
12  
14  
16 
17 
( a )  
I 
131 . O  
131 . O  
133 .0  
130.0 
130.0 
134.0 
136.0 
( a )  
1 
128.0 
129.0 
129 .0  
129.0 
b125.0 
b127.0 
130.5 
( a )  
1 
129.5 
129 .0  
133 .0  
133.0 
138.0 
133 .0  
133 .0  
133 .0  
134.5 
134.5 
135.0 
137.5 
135.5 
129.5 
c129.0 
130 .0  
130.0 
129.5 
( a )  r 
136 .0  
143 .0  
141 .O 
132 .0  
( a )  
127.0 
128.0 
I I r  51.5 134.5 51.5 b132.5 
58.0 140.0 
56.0 145.0 
128.5 
i l i  I C  
127.5 129.5 143 .0  
128.0 I 135.0 1145.0 
aTone n o t  v l s i b l e  above tunne l  background.  
bTone o n l y  s l i g h t l y  above tunne l  background.  
cTone a lmos t  n o t  v l s i b l e  above t u n n e l  background 
B P F ~ ~  
BPFFl 28PF BPF + 2BPFF1 38PFA3 28PFA3 + BPFA3 + 38PFF1 48PFA3 3BPFA3 + 28PFA3 + BPFA3 + 48PFF1 
A3 A3 
B P F F l  BPFFl 2BPFF1 BPFFl 2BPFFl 3BPFFl 
151 .0  
151.5 
151.5 
150.5 
157 .0  
145.0 
146.5 
149.0 
154.0 
158.5 
133.0 
136.0 
131.5 
131.0 
131.0 
137.0 
139.5 
140.0 
145.0 
144.0 
145.0 
131.0 
133.0 
134.5 
143.5 
146.0 
145 .0  
138.5 
136.0 
131.0 
133.0 
136.0 
141.0 
141.0 
135.5 
144.5 
152.0 
152.5 
151.5 
146 .0  
140 .0  
146.5 
147 .0  
148.5 
156.0 
151.0 
155 .0  
152.5 
138.5 
143.5 
(a) 
( a )  
127.0 
128.0 
132.0 
136.0 
141.0 
144.0 
138 .0  
128.5 
135.0 
( a )  
( a )  
130.0 
136.0 
142.0 
140.0 
129 .0  
134 .0  
133 .0  
128 .0  
( a )  
TABLE V .  - Concluded 
( c )  Mach 0.67 
Transducer  
95 -Percen t  speed -_ 
137.0 
135.0 
135.5 
139.5 
139.5 
142.0 
142.5 
138.5 
127.5 
130.0 
128.5 
__ 
1 
2 
4 
6 
8 
9 
10  
12 
14 
16 
17 
139 .0  
138.0 
144.5 
146.5 
152.0 
151.5 
146.5 
141.5 
141 .O 
143.5 
138.5 
__ 
129.0 
131 .O 
129.5 
130.5 
134 .0  
132 .0  
134.0 
133.5 
133.0 
136 .0  
136.0 
( a )  
(a) 
( a )  
127 .0  
133 .0  
139.0 
141.5 
'126.0 
'126.0 
'126.0 
'123.0 
( a )  
( a )  
127.0 
b12b.0 
128.0 
132.5 
136.0 
132.0 
b126.0 
128.0 
134.0 
( a )  
( a )  
121.5 
b126.0 
129 .0  
134.0 
127 .0  
b125.0 
b124.5 
b124.0 
129.0 
(a) 
( a )  
127 .0  
129 .0  
132.0 
139.0 
141 . O  
148.5 
144.5 
138 .0  
127.0 
134.0 
137.5 
138.5 
139.5 
140.0 
137.5 
131.5 
129.0 
129.5 
134.5 
137 .0  
132.0 
129.0 
131 . O  
130.5 
130.5 
136.0 
140.0 
133.0 
128.0 
132.0 
128.5 
129.0 
137.0 
145.0 
146.0 
140 .0  
135.0 
130.5 
132 .0  
I
90-Percen t  sDeed 
__ 
'132.0 
134.5 
135.0 
'131.5 
138 .0  
138 .0  
138 .0  
'131.0 
'130.0 
'129.0 
'129.0 
~ 
1 
2 
4 
6 
8 
9 
10  
12 
14  
16  
1 1  
b131.5 
b133.0 
134.0 
136.0 
136.0 
138.0 
b129.5 
133.0 
130.5 
b129.5 
131 . O  
( a )  
( a )  
( a )  
130.0 
134.0 
138.0 
134.0 
127.0 
128.0 
128.0 
128.5 
( a )  
(a) 
( a )  
129.0 
133.0 
134.0 
129 .0  
128 .0  
132.0 
133.0 
137 .0  
( a )  
1 
126.5 
129 .0  
128.0 
133.0 
b125.0 
129.0 
129.5 
( a )  
1 
12'1.0 
128.0 
b125.0 
b126.0 
b123.0 
b l 2 2 . 0  
( a )  
( a )  ( a )  
129.5 137.0 
128.0 142.5 
134 .0  143.0 
135.0 142.0 
138.5 
139.0 
148.0 
149.0 
150.0 
144.5 
138.5 
138.5 
135.5 
136.5 
136.5 134.0 
139.0 129.0 
140.0 132.0 
140.0 132.5 
139.0 136.0 
aTone n o t  v i s i b l e  above t u n n e l  background.  
bTone o n l y  s l i g h t l y  above t u n n e l  background 
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FIGURE 1 .  - COUNTERROTATION PUSHER AIRPLANE AND ENGINE. 
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FIGURE 2. - GENERAL NOISE SPECTRUM OF COUNTERROTATING PROPELLER. 
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,-UPSTREAM PROPELLER 
/ 
(A)  F1-AI ,  ORIGINAL AFT PROPELLER. 
V 
( A )  WAKE INTERACTION. 
I 
( B )  VORTEX INTERACTION. 
FIGURE 3. - NOISE MECHANISMS. 
( B )  F1-A3, REDUCED-DIAMETER AFT PROPELLER. 
FIGURE 4. - PROPELLER CONFIGURATIONS. 
- a  
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PROPELLER r TRANSDUCERS ON PLATE CENTERLINE 
FIGURE 5.  - TEST APPARATUS SHOWING TRANSLATING ACOUSTIC PLA-rE. 
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FIGURE 6. - TRANSDUCER POSITIONS ON TRnNSLATING ACOUSTIC 
PLATE (STANDING INSIDE TUNNEL, LOOKING UP). 
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FIGURE 7. - NOISE SPECTRUM FOR PROPELLER F1-A1 (TRANSDUCER 10) AT MACH 0.76 AND 100-PERCENT 
SPEED. 
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FIGURE 8. - FORWARD-PROPELLER PRIMARY BLADE 
PASSING TONES. 
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FIGURE 9. - FORWARD-PROPELLER PRIMARY TONES AT 
HIGHER HARMONICS. MACH 0.76: 100-PERCENT 
SPEED, 
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FIGURE 10. - AFT-PROPELLER PRIMARY BLADE PASSING TONES. 
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FIGURE 13. - INTERACTION TONES AT TWICE AFT-PROPELLER 
BLADE PASS1 NG FREQUENCY PLUS FORWARD-PROPELLER BLADE 
PASSING FREQUENCY. 
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FIGURE 14. - INTERACTION TONES AT AFT-PROPELLER BLADE 
PASSING FREQUENCY PLUS TWICE FORWARD-PROPELLER BLADE 
PASSING FREQUENCY. 
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FIGURE 11. - AFT-PROPELLER PRIMARY TONES AT 
HIGHER HARMONICS. MACH 0.76; 100-PERCENT 
SPtED. 
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FIGURE 12. - FIRST INTERACTION TONES (TONE AT SUM OF 
TWO BLADE PASSING FREQUENCIES. 
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FIGURE 16. - INTERACTION TONES OCCURRING BETWEEN 
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FIGURE 17. - SUMMATION OF TWO PRIMARY TONES AT 
PROPELLER BLADE PASSING FREQUENCIES. MACH 
0.76 AND 100-PERCENT SPEED. 
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FIGURE 18. - TOTAL BLADE PASSING TONES. 
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FIGURE 19. - SUMMATION OF TONES AT TWICE BLADE 
PASS1 NG FREQUENCY. MACH 0.76 AND 100-PERCENT 
SPEED. 
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